regional elevations (p<O.OOOl), particularly in the southeast and the northern plains states. Low median education level, low per capita income, and household crowding were all associated with elevated hospital admission rates. Surrogate measures of cigarette consumption were strongly associated with hospital admissions in all four disease groups. Hospital beds per capita demonstrated positive associations with hospital admissions, but the number of physicians per capita exhibited consistent inverse relationships with hospital admissions. Conclusions: Hospital admission rates for respiratory diseases among the elderly show marked geographic variation and are associated with regional indicators of socioeconomic status, availability of inedical resources, occupational lung disease rates, and smoking.
(Chest 1994; 106:1172-81)
Factors other than disease incidence may also influence hospital admissions. Variations in hospital admission rates may reflect a failure to care adequately for patients in an outpatient setting early in the course of the disease. Hospital admission rates may also vary due to differences in admission criteria among hospitals and among regions.
Regardless of the cause, hospital admissions make a major contribution to the cost of healthcare. Those factors that influence hospital admission rates have a substantial impact on the patients and the healthcare system. The goal of this study is to further our understanding of regional variations in hospital admission rates for respiratory disease.
METHODS
In order to investigate hospital admissions for respiratory disease in the elderly, this study made use of hospital admissions data for Medicare patients maintained by the Health Care Financing Administration (HCFA). Medicare admission rates for respiratory disease were mapped and the geographic distributions of disease rates were analyzed for spatial heterogeneity. Regression analyses were conducted to identify factors that might explain the ob-served distributions. The outcome and predictor variables used are described below followed by a discussion of the analyses performed.
Outcome Data
The HCFA maintains databases on the utilization of inpatient hospital services that are covered by the part A Medicare (insurance) program. The HCFA merges patient level data from various sources, including billing, mortality, and hospital stay data to form the MEDPAR (Medicare Provider Analysis and Review) file.
Each record in the MEDPAR file describes a single admission and includes a principal hospital discharge diagnosis and up to four additional diagnoses encoded using the ICD-9CM. Also included are age, sex, race, and county of residence of the patient. The MEDPAR files have been used extensively by health service researchers to describe variation in the use of various medical procedures, mortality, and morbidity. [3] [4] [5] [6] The primary outcome variables were daily hospital admission rates for four different groups of respiratory diagnoses. These conditions included infectious diseases and acute exacerbation of chronic conditions. The ICD-9CM codes for primary hospital discharge diagnosis were used to identify cases. To limit cases to persons who were admitted to the hospital primarily for the specific disease, ie, to maximize the specificity, only the first of the five diagnoses listed in the MEDPAR file was used to identify cases. The disease codes used to select cases were as follows: ICD-9CM Codes Primary Diagnosis 460-466
Acute respiratory infections (ARI) [480] [481] [482] [483] [484] [485] [486] [487] Pneumonia and influenza 491, 492, 496 COPD 493 Asthma Chronic obstructive pulmonary disease included diagnoses of chronic bronchitis and emphysema as well as unspecified COPD. Age-, race-, and sex-specific hospital admission rates were calculated for each of these conditions for every county in the United States. These values were used in determining age-and race-adjusted, sex-specific rates and fully adjusted overall rates. National age-and sex-specific rates adjusted for race were also calculated.
Although hospital admissions for infectious respiratory diseases can be reasonably viewed as incident cases, admissions for COPD and asthma represent exacerbations of chronic conditions. To compare disease prevalence with disease exacerbation, the prevalence of chronic respiratory diseases was estimated by linking patient records, identifying individuals with multiple hospital admissions, and eliminating the repeated hospital admissions. This provides a measure of the prevalence of chronic respiratory disease sufficiently severe to require at least one hospital admission in a 6-year period.
Predictor Variables
A range of potential explanatory factors was used to evaluate associations with hospital admission rates at the county level.
Socioeconomic Status: Per capita income and median school years were used as measures of socioeconomic status. The number of dwellings with more than one person per room in a county divided by the population of that county was used as an indicator of household crowding.
Healthcare Resources: To consider the impact of healthcare resources on hospital admissions, both the number of hospital beds and the number of physicians per capita were included in the ecologic model. Population density was included to evaluate both the impact of rural residence and distance to medical care on hospital admission rates.
Climate: Average annual temperature was included to consider the impact of climate on hospital admission rates. Data describing socioeconomic factors, healthcare resources, and climatologic conditions were all drawn from the Area Resource File.7
Cigarette Consumption: Any analysis of respiratory infections must include some information on cigarette smoking. Unfortunately, data on cigarette consumption were not available for all US counties. Therefore, county-level age-and race-adjusted, sex-specific lung cancer incidence rates were used as surrogates for historic smoking rates. These rates were estimated using the MEDPAR data as described elsewhere.8 Briefly stated, all hospital admissions for lung cancer over a 6-year period were identified using the MEDPAR data. The records were linked using the HCFA patient identification code and, of all lung cancer hospital admissions for a single patient, only the first was retained for analysis as an incident case. Hospital admissions that appear only in the first 2 years of data (1984 and 1985) were not included because these patients might have had hospital admissions in prior years, ie, these might not be incident cases. An age-, sex-, and race-adjusted incidence rate was calculated for each US county.
In order to evaluate the results obtained using lung cancer incidence as an indicator of historic cigarette consumption, state cigarette consumption data9 and county-specific lung cancer mortality rates for the period 1970 through 1979 were used as alternative indicators of county smoking rates.
Occupational Exposures: Occupational respiratory exposures may increase rates of infectious respiratory diseases despite the fact that respiratory infections are not generally considered to be occupational diseases. Occupational lung disease prevalence rates were used as surrogates for occupational exposures to test this possibility. Prevalence rates were estimated from the MEDPAR files by selecting all hospital admissions listing occupational lung disease as a diagnosis, linking individual records, and eliminating duplicate hospital admissions. Although this represents only the prevalence of occupational disease that is severe enough to require inpatient care, it should be roughly proportional to the underlying prevalence rates.
The predictor variables used in this study are likely to be highly correlated. To assess the level of colinearity, Pearson correlation coefficients between each pairing of predictor variables were calculated. Correlations between hospital admission rates and prevalence estimates for chronic respiratory disease were also calculated.
Analysis of Spatial Distributions of Hospital Admissions
Hospital admission rates for each of the conditions listed above were determined for every county in the United States. Rates were standardized by age, race, and sex to the national population using 1985 census estimates. County rates were mapped using data analysis and graphics software (SAS). Spatial heterogeneity was assessed using Moran's I statistic.10 Extensive simulations by Walter"l and Munasinghe'2 have demonstrated that this statistic is robust and efficient in the identification of disease clusters.
Regression Analysis
Multiple linear regression was used to evaluate the association between hospital admission rates and the predictor variables. For each disease, regressions were conducted on sex-specific rates as well as the combined rates. Multiple regressions were also calculated for the estimates of COPD and asthma prevalence rates. All above-mentioned predictor variables were included in the regressions using lung cancer incidence rates as the surrogate for smoking. Lung cancer incidence and occupational disease prevalence rates were specific to the particular population strata being analyzed.
Of the three different surrogates for smoking used in this study, population-specific lung cancer incidence rates determined from the Medicare data should be the best indicator of historic smok- ing rates among any given population. The historic lung cancer mortality rates are not population specific and do not directly represent the population under surveillance. The weakest of the three surrogates, state cigarette consumption, is not population specific, does not represent historic cigarette consumption, and obscures any heterogeneity among counties within a state. Based on these considerations, lung cancer incidence rates were used in all analyses as an indicator of historic exposure to cigarette smoking for the individual age and sex strata. In order to consider the impact of this choice, the regressions were repeated with lung cancer mortality (all ages combined) and state cigarette consumption. Table 1 lists hospital admission rates for each of the disease categories stratified by age and sex. Pneumonia is the most common primary diagnosis for respiratory disease admissions among the elderly in all age and sex strata. Men have higher hospital admission rates for all respiratory diseases except asthma. The proportion of admissions attributed to pneumonia increases from between 33 percent among 65-to 69-year-olds to 55 percent among persons over 80 years of age. Although infectious disease admission rates increase steadily with age, admission rates for obstructive diseases rates peak in the late 70s for men and in the early 70s for women. Table 3 . Low socioeconomic status, including low income, limited schooling, and household crowding are strong predictors of hospital admission rates. Lung cancer incidence as a surrogate for smoking is also strongly associated with hospital admissions for all types of respiratory diseases. Prevalence of occupational lung disease and temperature are also consistent, if somewhat weaker, predictors of hospital admissions. The effects of the other independent variables are less consistent.
RESULTS
The results of the multiple regression analyses for respiratory diseases admissions are also shown in Table 3 . These results are similar to those for the univariate regression with a few exceptions. Low socioeconomic status, smoking, and occupational lung disease rates appear to be consistently associated with elevated hospital admission rates. The p values for median school years as a predictor of asthma admissions and for household crowding as a predictor of ARI exceed 0.05 in this analysis. The association of temperature with respiratory admissions changes dramatically suggesting that the effect of this variable in the univariate analyses was heavily confounded by the other independent variables. Temperature was positively associated with hospital admissions for ARI, but not associated with pneumonia. It was negatively associated with asthma and COPD admissions.
Variables representing availability and accessibility of medical care exhibit a more consistent association with respiratory disease admissions in the multivariate model. The number of hospital beds per capita was positively associated with hospital admissions, while the number of physicians per capita was negatively associated with hospital admissions for respiratory diseases. Population density, which may reflect distance to the nearest hospital as well as urban/rural differences, had no appreciable impact on hospital admission rates.
Regression results for COPD and asthma prevalence estimates did not differ significantly from the results of the analyses of hospitalization rates. Table 4 lists the regression coefficients for the multiple linear models listed in Table 3 tions except asthma. The associations with occupational disease were also stronger in men than in women. Table 5 lists the results of the multiple regression analysis for total respiratory disease admissions, but with different surrogates for smoking. The strength of the association with smoking varied depending on which surrogate for smoking was used. Lung cancer incidence rates were the best predictor of hospital admissions followed by lung cancer mortality and finally by statewide cigarette consumption. Less accurate surrogates for smoking will increase exposure misclassification. If smoking is truly associated with hospital admissions, the strength of the association will increase with the accuracy of the smoking surrogate. Based on the greater specificity of lung cancer incidence with respect to geography and population group, these results tend to support the use of lung cancer incidence as a surrogate for smoking.
A multiple regression analysis for total respiratory admissions that includes surrogates for region of the country is listed in Table 6 . The inclusion of the regional indicator variables does not substantially alter the regression coefficients of the other independent variables. The South has a significantly increased risk and the Northeast has a significantly decreased risk relative to the West, suggesting that regional factors other than those included in the model may affect hospital admission rates for respiratory disease. 
DISCUSSION
The study clearly demonstrates geographic heterogeneity of hospital admission rates for respiratory disease among the elderly with elevated rates clustered in the southeastern United States and, to some extent, in the northern plains states. Ecologic analyses demonstrated several consistent associations. Indicators of low socioeconomic status and surrogates for both smoking and occupational lung disease were associated with increased hospital admission rates. Hospital admissions also tended to be higher in counties with more hospital beds and fewer physicians per capita.
The ecologic nature of the regression analyses limits our ability to draw conclusions concerning the specific factors responsible for variations in hospital admission rates. The observed associations raise questions and suggest hypotheses concerning causal relationships, but cannot confirm causality. Nevertheless, the geographic distribution in hospital admission rates is unequivocally heterogeneous and the observed associations are strong and consistent. If the observed associations are not explanatory, the predictor variables in the current study must be correlated with confounding variables that have a causal influence on hospital admissions.
An alternative explanation for the observed heterogeneity in the distribution of hospital admission rates is regional differences in coding of Medicare data. The lower rates for COPD admissions in Arkansas demonstrate this phenomenon. Although some component of geographic variation may relate to coding, several observations suggest that coding differences probably do not explain a substantial component of the observed distributions. First, a comparison of Medicare coding with review of the medical recordsl3 has shown that if COPD is listed as any of the first five diagnoses in the MEDPAR file, there is an 87 percent chance that the first five diagnoses in the medical record include COPD. If the first diagnosis in the MEDPAR file is COPD, it is likely that the true list of admitting diagnoses includes COPD. Second, most of the miscoding is likely to shift the primary diagnosis from one respiratory disease to another. The consistency of the associations of the independent variables with each of the respiratory diseases as well as with total respiratory diseases suggests that misclassification does not explain the observed geographic distribution. Finally, the results of the regression analysis describe an entirely plausible set of explanatory factors that explain a substantial portion of the observed distribution. These factors are not likely to be systematically related to the type of coding discrepancies necessary to cause the observed geographic distribution.
Rejecting the hypothesis that the observed, geographic variation in hospital admission rates results from coding errors implies that this variation represents real disparities in hospital admission rates that need to be explained and addressed. Factors influencing hospital admission rates fall into two general categories: (1) increased disease incidence and/or severity or (2) variability in medical care. The observed associations are compatible with both categories of causal relationship.
The negative associations between respiratory disease admissions and income may reflect risk factors for disease incidence and/or limitations on access to care, both of which relate to socioeconomic status. Inclusion of variables describing availability of physicians and hospital beds in the regression should provide some adjustment for access to care, so it is likely that the association with income reflects the influence of factors related to socioeconomic status on the incidence and severity of disease. If we consider availability of physicians to be a surrogate for access to medical care, the consistent pattern of increased hospital admissions as a function decreasing numbers of physicians per capita can reflect the impact of inadequate outpatient care. Access to outpatient care may be particularly problematic for the elderly. Bailey et a122 show that elderly persons with asthma are less likely to seek medical care than younger persons with comparable disease. Adequate and timely access to physicians might have prevented the need for many of the hospitalizations included in these data.
The observed association between hospital admissions for respiratory disease and the number of hospital beds is similar to that demonstrated by a small study of diabetes admissions. 23 Nursing home admissions24 have also been shown to increase in association with the number of available beds. Both of these studies suggest that physicians working in regions with an abundance of hospital beds may have a lower threshold for admitting a patient to the hospital.
The universal nature of Medicare coverage should minimize the impact of healthcare costs on access to care in this population. Among younger populations, disparities in insurance coverage could be expected to result in greater disparities in hospital admission rates in association with regional differences in income and access to care.
Hospital admissions for ARI increase with increasing average annual temperature, but hospital admissions for obstructive lung diseases decrease. A warm climate or some factor associated with warm climates may be conducive to the development of severe ARI. Exacerbation of obstructive diseases, however, may increase due to the effects of dry, cold air on the airways and greater exposure to respiratory irritants during the winter.
Associations with lung cancer rates suggest that smoking plays a role in increasing hospital admissions by increasing disease incidence in all of the respiratory diseases. The association of smoking with COPD has been demonstrated extensively in other studies. '7'25'26 The association with infectious diseases has not been widely demonstrated.
The association of occupational lung disease rates with hospital admissions for nonoccupational lung diseases has several possible explanations. Nonoccupational lung disease may simply be higher in persons with diagnoses of occupational lung disease. If this were the sole explanation, one would expect to see occupational lung disease as a common secondary diagnosis among patients admitted to the hospital for nonoccupational respiratory disease. The fact that occupational lung disease was rarely listed as a secondary diagnosis suggests that this is not a full explanation (assuming that occupational lung disease is entered in the Medicare record when occupational lung disease is a legitimate secondary diagnosis). The second possibility is that occupational exposures may induce susceptibility to nonoccupational respiratory disease without the clear, clinical manifestations of occupational lung disease. This assertion is supported by research showing higher rates of asthma among farmers and higher rates of ARI among miners.27
Finally, the possibility always exists that occupational lung disease is a surrogate for some confounding variable not accounted for by the other variables in the model.
Gender appears to modulate the effect of several factors on respiratory disease rates. The greater impact of household crowding on women than on men raises the possibility that women are disproportionately affected by adverse living conditions. Smoking consistently has a greater impact on men even though the lung cancer incidence rates used as surrogates are sex specific. This implies that smoking is responsible for a greater proportion of nonneoplastic respiratory disease in men than in women, an entirely reasonable result given higher smoking rates in men. The stronger association between occupational disease and respiratory disease admissions reflects the greater probability of occupational exposures in men than women.
The results seem to bear out the assertion that lung cancer incidence rates derived from the Medicare data provide the best indicator of historic smoking rates among any given population. In each case except for asthma, the associations of the smoking surrogates decrease in their strength of association in this order. The difference in asthma may indicate that short-term exposure to cigarette smoke (represented by current cigarette sales) is more important for asthma while long-term exposure (represented by historic lung cancer mortality) is more important for all other respiratory diseases.
Finally, the patterns of association observed in these analyses hold even after adjustment for census region. This consistency indicates that the observed hospital admission patterns are not simply regional differences in patterns of care. Nevertheless, the southern census region has elevated hospital admission rates that are not fully accounted for by the predictor variables in these analyses.
Overall, these data suggest that factors associated with regional levels of socioeconomic status, avail-ability of medical resources, occupational lung disease, and smoking are contributing to substantial regional differences in hospital admissions for respiratory disease. These disparities have major implications in terms of increased and potentially preventable human suffering as well as inefficiencies in healthcare provision. Regardless of its cause, the observed geographic distribution of hospital admissions demonstrates a marked inequity that must be addressed.
